Little is known about the structure and substrate bind- ing mechanism of prefoldin. The yeast and bovine complexes, the archaeal homologue will hereafter be referred to as prefoldin. Prefoldin (PFD) subunits can be plexes, originally termed GimC (Genes involved in microtubule biogenesis Complex) and prefoldin, respectively, subdivided into two classes, namely ␣ and ␤. Archaea possess one member of each class (PFD␣ and PFD␤), are each assembled from six different proteins (Geissler et al., 1998; Vainberg et al., 1998; Siegers et al., 1999) . and eukaryotes have two different but related subunits of the ␣ class and four related subunits of the ␤ class The archaeal counterpart from Methanobacterium thermoautotrophicum is a hexamer built from only two sub- . The archaeal complex is rich in ␣-helical structures, consistent with the prediction that unit types and tubulin cytoskeletal defects comparable to those from purified subunits, as previously described (Leroux et 
rods. In ideal two-stranded coiled coils, the heptad motif Assembly of the Prefoldin Hexamer
The prefoldin hexamer is assembled from the central a-b-c-d-e-f-g is repeated n times and the a and d residues make up the hydrophobic core of the two-helix regions of all six subunits. These regions form two ␤ hairpins in the ␣ class and one ␤ hairpin in the ␤ class bundles (Crick, 1953; Lupas, 1996) . This arrangement results in a knobs-into-holes packing of the hydrophobic subunits. The four ␤ hairpins of the two ␣ class subunits provide the central core for the assembly of two 8 core of the coiled coils, in which a hydrophobic residue stranded up and down ␤ barrels ( Figure 2C and 2D). of one ␣ helix packs into a cavity formed by four hyDimerization of the PFD␣ monomers is achieved by the drophobic residues of its partner helix. extra hairpin (residues 53 to 70) and each ␣ subunit The coiled coils of the two PFD␤ subunits in the asymparticipates in the formation of both ␤ barrels. In isolametric unit are each about 40 residues long, resulting tion, PFD␣ subunits readily form dimers that are stable in 12 turns of both ␣ helices. The C-terminal seven amino in solution. They provide the structural nucleus for hexacids that were removed from this subunit in the P␣/P␤ amer formation upon addition of four PFD␤ subunits complex would extend beyond the coiled coils. Interestthat are most likely monomeric in the absence of PFD␣ ingly, the sequence of the PFD␤ subunit from Methano-(Leroux et al., 1999). The ␤ barrels have a densely packed coccus jannaschii ends precisely where MtPFD␤ was hydrophobic core with predominantly large hydrophobic truncated (Figure 3) , suggesting that these residues are amino acid side chains from the ␤ strand regions pointnot critical for biological activity. The two ␣ helices of the ing into the center. The cylinders formed by the ␤ barrels PFD␣ subunit are 11 and 13 turns in length, respectively. are completely filled by hydrophobic side chains and Here, the longer C-terminal ␣ helix deviates from ideality do not form pores. toward the distal tip of the coiled coil ( Figure 2B ). This distortion is most likely the result of packing interactions in the crystal as the very C-terminal residues of the ␣ Flexibility of the Coiled Coils From the spatial arrangement of the three different subunit make contacts with the top surface of the platform of a crystallographically related trimer (not shown).
coiled coil rods in the asymmetric unit (Figure 4) , it is apparent that the prefoldin complex is not a rigid entity. As a consequence, the C-terminal ␣ helix of the ␣ subunit is kinked at residue Met 122 .
Individual tentacles seem to have considerable flexibility and come off the ␤ barrel platform at different angles. Near the distal end of the rods, the coiled coils of both the ␣ and ␤ subunits become partially untwisted, It is likely that their orientation, as observed in the crystal, is influenced by crystal packing, and that individual leading to the exposure of parts of the hydrophobic interface. This exposure of a and d residues of the hepcoiled coils will be rather flexible in solution, especially at the growth temperature of the host organism (65ЊC). tad repeats creates hydrophobic patches near the ends of the coiled coils. The possible functional significance Such conformational flexibility may be functionally relevant for the interaction with a wide range of nonnative of these hydrophobic patches will be discussed in more detail below.
substrates. 
Substrate binding to prefoldin appears to be multivalent,

A Novel Class of Molecular Chaperone
Prefoldin has a unique quaternary structure that has no requiring both classes of subunits at the same time. Notably, the contribution of the four PFD␤ subunits prescounterpart in other known molecular chaperones or protein complexes in general. We note, however, that ent in the complex is apparently greater than the contribution of the PFD␣ dimer. Eukaryotic prefoldin only prefoldin exhibits a remote but interesting similarity to the TolC trimer, an integral membrane pore complex binds stably to nascent actin chains if they are at least roughly 145 residues in length, and stable cotransla- 
